The Electrodeposition process has been used to prepare Nickel-Tungsten alloys on low carbon steel substrate by using ammonical citrate bath. The influence of deposition condition by variation of current density (0.04-0.2 A/cm 2 ) and solution temperature (60-70 °C), on the microstructure was studied. The optical microscope and the scanning electron microscopy (SEM) were used to study the morphology of the deposit while the energy dispersive spectroscopy (EDS) was used to approximate the composition, in addition to X-Ray diffraction examination. The results show that the current efficiency has the major influence on the tungsten content in the alloys due to the formation of ternary complex which reflected into the properties of the deposit.
Introduction
The term "Induced codeposition" was coined by Brenner to describe the situation in which a metal that cannot be electroplated alone from aqueous solution is codeposited in the presence of another metal, forming an alloy [1] . It is widely known that Tungsten cannot be electrodeposited from an aqueous solution of sodium tungstate or any other soluble compound containing this element. Nevertheless, it is quite easy to deposit Ni-W alloys, if a suitable nickel compound, such as nickel sulfate, is added [2] .
All the researcher in the related work attempted to understand the mechanism of deposition of Ni-W alloys, taking into account the distribution of different ions with the concentration of citrate and ammonia. Citrate forms a complex with the nickel ion as follows:
Citrate forms a complex also with the tungstate ion as following, 
Then the deposition of Ni-W alloy can be achieved through ternary complex formation.
In this system the deposition of nickel alone and Ni-W alloy take place.
Ammonia concentration has also a substantial influence on the composition of the alloy deposit, since ammonia competes with citrate as a ligand for the nickel ions, the increase in ammonia concentration reduce the tungsten content in the deposit. 
Experimental
Nickel-Tungsten alloys were electrodeposit from aqueous solution containing: nickel sulfate, sodium tungstate as a source of nickel and tungsten respectively, sodium citrate as a complexing agents, ammonium chloride as a complexing agents and to improve the faradic efficiency. The concentration of Ni-W alloys bath constituents showing in table (1). The pH was measured by using digital pH meter and adjusted to a value of (8.0 ±0.2) through addition of H 2 SO 4 and NaOH. Fig (1) . the structure of the deposits was analyzed by X-ray diffraction (XRD) while the morphology of the deposits was observed by scanning electron microscopy (SEM) and optical microscope (OM) in addition to energy dispersive spectroscopy (EDS) to determine the approximate composition of the alloy. 
Results and Discussion
The calculation of tungsten content with nickel in the deposited alloy were done by EDS examination. The effect of current density on the tungsten content at different bath temperatures showing in Fig (2) .
Figure (2):
The effect of current density on tungsten content in the alloys.
While figure (3) shows the current efficiency changes with current density at different bath temperatures.
Figure (3):
The relation of current efficiency and current density in the solution.
From the figures above noticed that the tungsten content in the deposited was affected by current efficiency, at low current density range the tungsten content was decreased with current density increased, in the intermediate point of current density the lowest value of tungsten content for two temperatures and at high current density range the tungsten content increased by increasing the current density that return to the influence of current efficiency with current density, the difference in the current efficiency is due to the formation of ternary complex of Ni, W and citrate.
[5] [6] The optical microscope shows the microcraks of the deposited surface, the tungsten content effect on the microcraks concentration, that is high tungsten content (at low current density range) was associated with high microcracks concentration compared with low tungsten content in the intermediate point of current density, while at high current density range the microcracks concentration increased again due to the increasing of tungsten content and that clarified in Fig (4) , (5). surface morphology was achieved with (J=0.04 A/cm 2 ), while the microcracks depth (size) increased with increasing the current density due to the increasing of (1) Hydrogen evolution during electrodeposition. (2) Residual stress. The grain size of the deposited alloy was estimated by scanning electron microscope (SEM), as shown in figures (6),(7) for different bath temperature. The grain size of the deposited alloy was affected by tungsten content in the deposit as showing in figures (6 and 7), deposited alloys with high tungsten content had small grain size and vice versa in the case of deposited alloys with low tungsten content. The surface coating exhibits a cauliflower like structure as a result of the presence of nodules, the size of nodules increased and decreased corresponding with tungsten content.
Also the current density had a little influence on the grain size that at low current density the grain growth rates was low and that caused emergence of small grain size.
The structure of Ni-W alloys was investigated by XRD. The diffractograms of Ni-W alloys shows five picks with small broad. As shown in figure (8) . Four of the picks at 2θ angle of ≈44°, ≈51°, ≈75°and ≈91° are with correspond to the (f.c.c) phase of W solid solution in nickel. [7] while the first peak of the XRD pattern at 2θ angle of ≈41.4° correspond to NiWO 4 . [8] The crystalline size of Ni-W alloys was calculated using Scherrer's equation [7] : = .
…. (4)
The result that calculated shown in table (2). The presence of tungsten reduces the crystal size, at high tungsten content the crystal size found the lower value and that clearly shows in figure (9). 
Conclusion
Based on the experimental results presented in this work, it is possible to draw the following conclusions: 1. The sample with current density 0.04 Amp/cm 2 and 60°C bath temperature was the best according to tungsten content. 2. The tungsten content can be controlled by controlling deposition parameters to be suitable for certain application. 3. The high current density reflects on the deposited structure by forming high crack concentration with high crack depth and width. 
